An integrative phylogenetic analysis recovers two new species of the gekkonid genus Hemiphyllodactylus (Bleeker) from the Shan Hills of eastern Myanmar. Hemiphyllodactylus ywanganensis sp. nov. and H. uga sp. nov. are nested within the eastern Myanmar clade of a previous genus-wide phylogenetic analysis and form a more exclusive monophyletic group with H. linnwayensis. These species differ from each other and all other Hemiphyllodactylus in having unique combinations of character states involving postmental and subcaudal scale morphology; maximum SVL; digital formulae; numbers of chin scales, circumnasals, intersupranasals (=postrostrals), labials, longitudinally arranged dorsal and ventral scales, and pore-bearing femoroprecloacal scales; as well as subtle differences in coloration and pattern. The phylogenetic affinities of the eastern Myanmar clade are similar to those of an endemic clade of Cyrtodactylus from the Shan Hills in that both are more closely related to Indochinese taxa east of Myanmar as opposed to other Indo-Burmese species. The discovery of these new species underscores the underappreciated herpetological diversity of limestone ecosystems as well as the remote nature of the rugged uplands of the Shan Hills and emphasizes the need for continued field work in this region.
Introduction
The contiguous upland regions of southwestern China, northwestern Thailand, and eastern Myanmar compose one of the most rugged and inaccessible landscapes in Indochina. Although the complex topography in some parts of this vast region has been an impediment to field surveys, ongoing political unrest in eastern Myanmar still plays a significant role in restricting field work in some of the more remote areas of the Shan Plateau. Nonetheless, recent herpetological expeditions into montane and lower montane regions along the western margins of the Shan Hills have proven productive with the discovery of four new species of Bent-toed Geckos Cyrtodactylus Gray (Grismer et al. 2017a (Grismer et al. , 2018 and three new species of Slender Geckos Hemiphyllodactylus Bleeker (Grismer et al. 2017b) . Additionally, recent discoveries of three new species of the gekkonid Hemidactylus Oken (Murdoch et al. in prep.) and one new species of the salamandrid Tylototriton Andersson (Grismer et al. in prep.) have emerged from this same general area and continue to underscore the importance of this region to an understanding of the herpetological diversity of Myanmar.
Of late, the taxonomy of one of these genera, Hemiphyllodactylus, has undergone a renaissance with the incorporation of molecular data into the descriptions of new species (Grismer et al. 2013) and initially demonstrated that this genus was far more diverse than previous morphological studies could reveal (Zug 2010) . Despite the fact that the 24 species of genus (Uetz et al. 2018) are collectively distributed from southern India to the South Pacific (Zug 2010) , their small size (SVL< 45 mm), low densities, cryptic coloration, and localized distributions-most being restricted to tropical and sub-tropical montane regions and islands-leave them inconspicuous components of their environments (Grismer et al. 2013) . Nonetheless, new discoveries (Grismer et al. 2014a (Grismer et al. ,b, 2015 Ngo et al. 2014; Nguyen et al. 2013 Nguyen et al. , 2014 Guo et al. 2015; Cobos et al. 2016; Yan et al. 2016; Sukpraset et al. 2018) and analyses implementing an integrative taxonomic methodology (Camargo & Sites 2013) are still demonstrating that this genus is far more diverse than previously imagined. FIGURE 1. Distribution of the species of the eastern Myanmar clade of Hemiphyllodactylus in Shan State (H. linnwayensis, H. montawaensis, H. tonywitteni, and H. ywnaganensis sp. nov.) and Mandalay Region, Myanmar (H. uga sp. nov.). The green square in the inset delimits the study area.
As part of our ongoing work with Fauna and Flora International to survey karstic landscapes throughout Myanmar, we discovered a new population of Hemiphyllodactylus from a montane karst forest just west of the town of Ywangan in Shan State (Fig. 1) . A molecular phylogeny based on 1441 base pairs of the mitochondrial gene NADH dehydrogenase subunit 2 (ND2) and its flanking tRNA regions demonstrates this new population is not nested within any other species of Hemiphyllodactylus and is part of the eastern Myanmar clade (sec. Grismer et al. 2017b) which also contains H. tonywhitteni Grismer, Wood, Thura, Zin, Quah, Murdoch, Grismer, Lin, Kyaw & Lwin from Phapant Cave, Shan State; H. linnwayensis Grismer, Wood, Thura, Zin, Quah, Murdoch, Grismer, Lin, Kyaw & Lwin from Linn Way Village, Shan State; and H. cf. linnwayensis from Pyin Oo Lwin, Mandalay Region. Although this newly discovered population is similar in morphology and color pattern to its closest relative H. linnwayensis 14.9 km to the northeast, it bears a number of unique morphological features separating it from H. linnwayensis and all other species of the eastern Myanmar clade. Grismer et al. (2013 Grismer et al. ( , 2017b did not have access to preserved material of H. cf. linnwayensis and thus could not be certain of its species status. Of late however, four specimens from Pyin Oo Lwin have become available and our combined molecular and morphological analyses confirm that it too is an undescribed species and both are described below.
Material and methods
Phylogenetic analyses. We obtained a substantial amount of NADH dehydrogenase subunit 2 gene (ND2) sequence data from 111 specimens from GenBank. For five others, we generated new sequence data for a 1442 bp fragment of the mitochondrial NADH dehydrogenase subunit 2 gene (ND2) including the flanking tRNA's (tRNAmet, tRNAtrp, tRNAala, tRNAsn, tRNAcys, tRNAtyr) and added eight outgroup taxa based on Heinicke et al. (2011) . Total genomic DNA was isolated from liver or skeletal muscle specimens stored in 95% ethanol using the Maxwell® RSC Tissue DNA kit on the Promega Maxwell® RSC extraction robot. ND2 was amplified using a double-stranded Polymerase Chain Reaction (PCR) under the following conditions: 1.0 µl genomic DNA (~10-30 ng), 1.0 µl light strand primer (10 µM), 1.0 µl heavy strand primer (10 µM), 1.0 µl dinucleotide pairs (1.0 µM), 2.0 µl 5x buffer (2.0 µM), 1.0 MgCl 10x buffer (1.0 µM), 0.10 µl Taq polymerase (5u/µl), and 7.4 µl H2O. PCR reactions were executed on a Bio-Rad gradient thermocycler under the following conditions: initial denaturation at 95˚C for 2 min, followed by a second denaturation at 95˚C for 35 s, annealing at 48˚C for 35 s, followed by a cycle extension at 72˚C for 35 s, for 31 cycles. All PCR products were visualized using 1.0 % agarose gel electrophoresis. Successful targeted PCR products were then outsourced to GENEWIZ® for PCR purification, cycle sequencing, and sequencing. All new samples not presented in Grismer et al. (2017b) are deposited in GenBank (Table 1) and primers used for amplification and sequencing are presented in Table 2 . Grismer et al. (2013 Grismer et al. ( , 2017b . implemented in IQ-TREE (Nguyen et al. 2015) and used a Bayesian Information Criterion (BIC) to identify the following models: HKY+Γ was the best-fit for the tRNA, TVM+I+Γ the best-fit for the first codon position, and GTR+I+Γ for the second and third codon positions. Empirical base frequencies and four gamma categories were used for all partitions. Shimodaira-Hasegawa-like approximate likelihood ratio test (LRT; Guindon et al. 2010) Miller et al. 2010) employing default priors and GTR +Γ model of evolution for all codon positions. Two simultaneous runs were performed with four chains, three hot and one cold. The simulation ran for 100,000,000 generations, was sampled every 10000 generations using the Markov Chain Monte Carlo (MCMC), and the first 25% of each run were discarded as burn-in. Stationarity of each run was checked using the .p files in Tracer v1.6 (Rambaut et al. 2014 ) to ensure effective sample sizes (ESS) were above 200 for all parameters. Nodes with Bayesian posterior probabilities (BPP) of 0.95 and above were considered wellsupported (Hulsenbeck et al. 2001; Wilcox et al. 2002) . After removing outgroup taxa, MEGA7 (Kumar et al. 2016 ) was used to calculate uncorrected pairwise sequence divergence among the individuals of the eastern Myanmar clade. A time-calibrated Bayesian Inference analysis was constructed and used to perform a Generalized Mixed Yule Coalescent (GMYC) approach to estimate species boundaries (Pons et al. 2006) , thus providing an independent framework to complement the empirically based thresholds of the BI and ML analyses. The analysis was implemented in BEAUti version 2.4.7 (Bayesian Evolutionary Analysis Utility) and run with BEAST version 2.4.6 (Bayesian Evolutionary Analysis Sampling Trees; Drummond et al. 2012) in CIPRES employing a lognormal relaxed clock with unlinked substitution and clock models and an HKY substitution model selected for each codon position. MCMC chains were run using a coalescent exponential population prior for 10 million generations and logged every one thousand generations. It has been demonstrated that the third codon position is susceptible to substitution saturation (Zamudio et al. 1997; Carranza et al. 2000; Brandley et al. 2011; Grismer et al. 2015) and could contribute to overestimating node ages. However, Grismer et al. (2015) noted that although third codon position saturation was evident in their study of the gekkonid Hemiphyllodactylus, it was not a significant factor in estimating node ages across various codon and gene partition schemes and was consistent with similar node age estimates using nuclear genes on the same taxa as Heinicke et al. (2011) . A mean node age of 35.5 million years between the harterti group and the typus group (Grismer et al. 2015) was used herein as an internal constraint prior to date the same node with a standard deviation of 2.3%. The BEAST log file was visualized and checked in Tracer 1.6.0 (Rambaut et al. 2014) to ensure ESS values were above 200 for all parameters and a maximum clade credibility tree using mean heights at the nodes was generated using TreeAnnotator v.1.8.0 (Rambaut & Drummond 2013 ) with a burnin of 1000 trees.
The GMYC approach is a method for estimating species from single-locus, time-calibrated ultrametric gene trees by detecting genetic clustering beyond the expected levels of a null hypothesis which infers that all individuals of a population form a genetically, interacting nexus. In clades where effective population sizes are relatively low and divergence times among the populations are relatively high, the single-threshold version of the model (such as that used herein) out performs the multi-threshold version (Fujisawa & Barraclough 2013) . The GMYC relies on the prediction that independent evolution leads to the appearance of distinct genetic clusters, separated by relatively longer internal branches (Barraclough et al. 2003; Acinas et al. 2004) . Such groups therefore, diverge into discrete units of morphological and genetic variation that are recovered with surveys of higher clades. The analysis was run on the web server at http://species.h-its.org/gmyc/ on 25 April 2018.
Morphological analyses: For the descriptive work, color notes were taken using digital images of most specimens prior to preservation. For purposes of comparison, the terminology and methodology involving the evaluation of mensural and meristic characters follows Zug (2010) and Grismer et al. (2013) . Mensural data were taken with Mitutoyo dial calipers to the nearest 0.1 mm under a Nikon SMZ 1500 dissecting microscope on the left side of the body where appropriate: snout-vent length (SVL), taken from the tip of snout to the vent; tail length (TailL), taken from the vent to the tip of the tail, original or regenerated; trunk length (TrunkL), taken from the posterior margin of the forelimb at its insertion point on the body to the anterior margin of the hind limb at its insertion point on the body; head length (HeadL), the distance from the posterior margin of the retroarticular process of the lower jaw to the tip of the snout; head width (HeadW), measured at the angle of the jaws; eye diameter (EyeD), the greatest horizontal diameter of the eyeball; snout-eye length (SnEye), measured from anteriormost margin of the eyeball to the tip of snout; nares-eye length (NarEye), measured from the anterior margin of the eyeball to the posterior margin of the external nares; and internarial width (SnW), measured between the nares across the rostrum. Meristic character states evaluated were the number of scales contacting the nares (circumnasal scales, CN); the number of scales between the supranasals (postrostrals or intersupranasals, IS); the numbers of supralabial (SL) and infralabial (IL) scales counted from the largest scale immediately posterior to the dorsal inflection of the posterior portion of the upper jaw to the rostral and mental scales, respectively; the number of longitudinal ventral scales at mid-body contained within one eye diameter (VS); the number of longitudinal dorsal scales at mid-body contained within one eye diameter (DS); the number of subdigital lamellae wider than long on the first finger (FL1) and toe (TL1); lamellar formulae determined as the number of U-shaped, subdigital lamellae (split and single) on the digital pads on digits II-V of the hands and feet; the total number of femoroprecloacal pores (i.e. the contiguous rows of femoral and precloacal scales bearing pores); and the number of cloacal spurs on each side of the hemipenial swelling. Color pattern characters evaluated were the presence or absence of dark pigmentation in the gonadal tracts and caecum; configuration of the dark markings on the dorsum (dorsal pattern); presence or absence of a dark postorbital stripe extending to at least the neck; the presence or absence of a linear series of white postorbital and dorsolateral trunk spots; and the presence or absence of lightcolored, anteriorly projecting arms of the postsacral marking. Some of the information on character states and their distribution in other species was obtained from Guo et al. (2015) , Cobos et al. (2016) , Yan et al. (2016), and Sukpraset et al. (2018) . Specimens examined are listed in the Appendix. LSUHC refers to the La Sierra University Herpetological Collection, La Sierra University, Riverside, California, USA; and LSUDPC refers to the La Sierra University Digital Photo Collection. Other acronyms follow Sabaj (2016) .
All statistical analyses were performed using the platform R v 3.2.1 (R Core Team 2015). Given that the five populations examined (see below) had unequal sample sizes, a Levene's test was conducted to test for homogeneity of variances among each meristic character prior to analyses of variance (ANOVA). A Welch's ANOVA was conducted on characters with unequal variances (i.e. p values > 0.05 in the Levene's test) to test for the presence of statistically significant mean differences (p > 0.05) among populations. Characters with statistically different means were subjected to a Games-Howell test using the USERFRIENDLYSCIENCE package in R in order to determine which population pairs had significantly different means. A regular ANOVA was conducted on characters with equal variances (i.e. p values < 0.05 in the Levene's test). Characters recovered in this analysis bearing statistically different means were subjected to a TukeyHSD test to ascertain which population pairs had significantly different means.
Principal component analysis (PCA) implemented by the prcomp() command in R, is an indiscriminate analysis that was used to explore the morphospatial relationships of the sampled individuals (i.e. data points) to each other and how well they formed uncoerced clusters that aligned themselves with the putative species boundaries delimited by the phylogenetic analyses. It is important to note that clusters of conspecific individuals were not pre-defined in the analysis but simply color-coded in the scatter plot in order to observe their morphospatial relationships. Femoroprecloacal pore counts were excluded from the PCA due to their presence in only males. For all other characters, both sexes and all size classes were used. All data used in the PCA were logtransformed prior to analysis in order to normalize their distribution so as to ensure characters with very large and very low values could not over-leverage the results owing to intervariable nonlinearity The data were then scaled to their standard deviation to insure they were analyzed on the basis of correlation and not covariance. In order to determine which centroids (i.e. means) of the PCA clusters differed significantly from one another, a modified version of the broken stick model (Cangelosi & Goriely 2007 ) from the VEGAN package in R was implemented using the bs() command. This statistical model implements a stopping rule in order to determine the number of interpretable PCs (i.e. those that capture the most amount of variation in the data set with the least amount of noise) to retain prior to PC degeneration (i.e. the point after which subsequent PCs represent negligible structure in the data and amount mostly to noise). The model produces overlapping curves of eigenvalues and randomly generated broken stick values and proposes that the number of retained PCs should have eigenvalues higher than their corresponding random broken stick component values. For this analysis, PC1 which accounts for 33% of the total variation in the data set, was the only PC retained. The data points from PC1 were subjected to a Welch's ANOVA and a Games-Howell test to ascertain which pairs of species centroids differed significantly from one another.
Discriminant analysis of principal components (DAPC) was implemented using the ADEGENET package in R (Jombart et al. 2010) . This is a dimension reduction analysis that a priori retains and analyzes the plots of only those PCs that capture the maximum amount of variation in the data set. DAPC places individuals from each population into separate, pre-defined clusters bearing the smallest within-group variance that produce linear combinations of centriods having the greatest between-group variance (linear distance; Jombart et al. 2010) . DAPC relies on log transformed and scaled data from the PCA as a prior step to ensure that the variables analyzed are not correlated and number fewer than the sample size. Only the principal components generated by the DAPC that account for 80-90% of the variation in the data set are retained for a subsequent analysis (Jombart et al. 2010) . Retaining too many PCs forces false structure to appear in the data while retaining too few, runs the risk of missing true structure (Cangelosi & Goriely 2007) . Species delimitation. The general lineage concept (GLC: de Queiroz 2007) used herein proposes that a species constitutes a population of organisms independently evolving from other such populations owing to a lack of gene flow. By "independently," it is meant that new mutations arising in one species cannot spread readily into another species (Barraclough et al. 2003 and de Queiroz 2007) . Increasingly, integrative studies on the nature and origins of species are using a wider range of empirical data to delimit species boundaries (Coyne & Orr 1998; Knowles & Carstens 2007 , Fontaneto et al. 2007 Feulner et al. 2007; Leaché et al. 2009 ) rather than relying solely on traditional taxonomic methods. Under the GLC herein, molecular phylogenies were used to infer species boundaries and univariate analyses of variance (ANOVA) and multivariate analyses (principal component analysis and discriminate analysis of principal components) of the morphological data were used to characterize and describe those boundaries. These boundaries were cross-checked using a GMYC.
Results
The Ml, BI, and BEAST analyses recovered trees bearing the same phylogenetic structure throughout Hemiphyllodactylus as that of Grismer et al. (2017b; Fig. 2) . Additionally, all analyses demonstrate that Hemiphyllodactylus ywanganensis sp. nov. (see below) is nested within the eastern Myanmar clade of Grismer et al. (2017b) and forms a well-supported (BI 1.00/ UFB 100/ LRT 1.00) monophyletic group with Hemiphyllodactylus linnwayensis and H. uga sp. nov. (see below). In Grismer et al. (2017b) , H. linnwayensis and H uga sp. nov. were recovered as well-supported sister lineages (Fig. 2, left) but in this analysis, the relationships within this group are poorly resolved (0.71/72/0.21) and indicate that H. linnwayensis and H. ywanganensis sp. nov. may be each other's closest relatives. The uncorrected pairwise sequence divergence among these three species ranges from 4.0-4.5% (Table 3) . From H. tonywhitteni these species bear an uncorrected pairwise sequence divergence of 7.5-8.1% and from H. montawaensis the sequence divergence is 8.9-9.5%.
The GMYC species delimitation analysis independently recovered the same species inferred from the ML and BI analyses with a highly significant likelihood ratio of 11.76762 (p = 0.00278). Sukumaran & Knowles (2017) demonstrated that species delimitation methods generally overestimate species diversity by recovering clades not species and that additional criteria such as morphology should be used in conjunction with these analyses. Fujisawa & Barraclough (2013) also note that the GMYC approach should be used in conjunction with additional independent data. We agree with these recommendations and believe the GMYC recovered noteworthy interpopulational genetic structure within the eastern Myanmar clade that corroborates species boundaries characterized by the morphological data. Therefore, we base our species delimitations on a more integrative approach.
The first two principal components (PC1 and PC2) of the PCA analysis recovered 54% of the variation in the data set (Fig. 3) and loaded most heavily for chin scales (CS), infralabials (IL), and digital lamellae (FL1 and TL1) along PC1 and circumnasals (CN) and intersupranasals (DS) along PC2 (Table 4 ). The PCA demonstrates that Hemiphyllodactylus uga sp. nov. and H. ywanganensis sp. nov. are meristcally similar but both are widely separated from H. linnwayensis. The Games-Howell and the TukeyHSD tests found the centroids between H. uga sp. nov. and H. linnwayensis and between H. ywanganensis sp. nov. and H. linnwayensis to be statistically different (Games-Howell p = 0.00008 and TukeyHSD p = 0.004, respectively). The analysis of four PCs retained from the DAPC that accounted for 90% of the variation corroborated the delimitation of species in the ML, BI, and GMYC analyses by recovering all species of the eastern Myanmar clade as distinct clusters with non-overlapping 95% inertia ellipses (Fig. 3) . The means of only two meristic characters differed significantly from one another. A TukeyHSD test for mean differences in numbers of chin scales (CS) indicated that Hemiphylidactylus uga sp. nov. differs significantly from H. linnwayensis and H. montawaensis ( = 9.3 vs 5.0 p = 0.003 and  = 9.3 vs 6.6 p = 0.03, respectively) and H. ywanganensis sp. nov. differs significantly from H. linnwayensis, H. montawaensis, and H. toneywhitteni ( = 10.0 vs 5.0 p = 0.003,  = 10.0 vs 6.3 p = 0.03, and  = 10.0 vs 6.6 p = 0.4, respectively). A TukeyHSD test for mean differences in numbers of first finger lamellae (FL1) indicated that H. uga sp. nov. differs significantly from H. linnwayensis and H. montawaensis ( = 2.3 vs 3.5 p = 0.03 and  = 2.3 vs 3.8 p = 0.001, respectively). Paratype. Adult female (LSUHC 13138) bears the same collection data as the holotype. Diagnosis. Hemiphyllodactylus ywanganensis sp. nov. can be separated from all other species of Hemiphyllodactylus by possessing the unique combination of having a maximum SVL of 38.0 mm; 10 chin scales; enlarged postmentals; five circumnasals; two or three intersupranasals (=postrostrals); nine or 10 supralabials; 10 infralabials; 13-15 longitudinally arranged dorsal scales at midbody and seven or eight ventral scales contained within one eye diameter; varied digital formulae (Tables 5, 6 , & 7); three subdigital lamellae on the first finger; two or three subdigital lamellae on the first toe; 26 continuous pore-bearing femoroprecloacal scales in the male; no plate-like subcaudal scales; adult females not being yellow; a dark postorbital stripe not extending onto trunk; no pairs of paravertebral light spots on trunk; no dark, diffuse, dorsolateral stripe; dark paravertebral markings on trunk; dorsal body pattern not unicolor; postsacral marking bearing light-colored anteriorly projecting arms; and unpigmented ceacum and gonads. These characters are scored across all species of the eastern Myanmar clade in Tables 5 and 6 and from all other species of Hemiphyllodactylus from southern China and western Thailand (clades 3 and 4 in Grismer et al. [2017b:Table 3] ).
Description of holotype. Adult male; head triangular in dorsal profile, depressed, distinct from neck; lores and interorbital regions flat; rostrum moderate in length (NarEye/HeadL 0.29); prefrontal region flat to weakly concave; canthus rostralis smoothly rounded, barely discernable; snout moderate, rounded in dorsal profile; eye large; ear opening elliptical, small; eye to ear distance greater than diameter of eye; rostral wider than high, bordered posteriorly by small supranasals; two intersupranasals (=postnasals); external nares bordered anteriorly by rostral, dorsally by supranasal, posteriorly by two postnasals, ventrally by first supralabial (=circumnasals); 10 (R,L) rectangular supralabials tapering to below posterior margin of orbit; 10 (R,L) rectangular infralabials tapering to below posterior margin of orbit; scales of rostrum, lores, top of head, and occiput small, granular, those of rostrum largest and slightly raised; dorsal superciliaries flat, mostly square, subimbricate, largest anteriorly; mental triangular, bordered laterally by first infralabials and posteriorly by two large postmentals; each postmental bordered laterally by a single slightly enlarged sublabial; 10 chin scales; gular scales small, subimbricate, grading posteriorly into slightly larger, subimbricate throat and even larger pectoral scales which grade into slightly larger, subimbricate ventrals. Body somewhat elongate (Trunk/SVL 0.48), dorsoventrally compressed; ventrolateral folds absent; dorsal scales small, granular, 15 dorsal scales at midbody contained within one eye diameter; ventral scales flat, subimbricate much larger than dorsal scales, seven ventral scales contained within one eye diameter; precloacal scales slightly larger than abdominal scales; pore-bearing precloacal scales continuous with pore-bearing femoral scales, totaling 26 femoroprecloacal pore-bearing scales; single enlarged tubercle on anterior margin of hemipenial swelling; forelimbs short, robust in stature, covered with flat, subimbricate scales dorsally and ventrally; palmar scales flat, subimbricate; all digits except digit I well-developed; digit I vestigial, clawless; distal subdigital lamellae of digits II-V undivided, angular and U-shaped, lamellae proximal to these transversely expanded; lamellar formula of digits II-V 3-3-4-3 (R,L); three transversely expanded lamellae on digit I; claws on digits II-V well developed, unsheathed; distal portions of digits strongly curved, terminal joint free, arising from central portion of lamellar pad; hind limbs short, more robust than forelimbs, covered with flat, juxtaposed scales dorsally and by larger, flat subimbricate scales ventrally; plantar scales low, flat, subimbricate; all digits except digit I welldeveloped; digit I vestigial, clawless; distal subdigital lamellae of digits II-V undivided, angular and U-shaped, lamellae proximal to these transversely expanded; lamellar formula of digits II-V 3-3-3-3 (R,L); two transversely expanded lamellae on digit I; claws on digits II-V well developed, unsheathed; distal portions of digits strongly curved, terminal joint free, arising from central portion of lamellar pad; dorsal and subcaudal scales of regenerated tail small, subcycloid, subimbricate, subcaudals slightly larger than dorsals, not plate-like. Morphometric data are presented in Table 6 .
Coloration in life (Fig. 4) . All Hemiphyllodactylus are capable of considerable change in the intensity and boldness of their coloration and pattern. The description below is of that at the time the specimens were photographed the next morning approximately 12 hours after the time of collection. Ground color of top of head, body, limbs, and tail densely mottled in dark-gray; top of head overlain with small white, diffuse specking; broad, dark, diffuse postorbital stripe extends to neck; pairs of indistinct, dark, paravertebral markings extend from forelimb insertions to base of tail transforming into a distinct post-sacral marking; postsacral marking bears faint, light-colored, anteriorly projecting arms; dorsum and flanks faintly mottled with light-colored speckling lacking distinct pairs of paravertebral light spots; limbs bearing irregularly shaped dark markings; regenerated tail generally gray, patternless; gular region generally immaculate, except for darker lateral areas and faint stippling in scales; and pigmentation density increases posteriorly with the abdomen being generally gray.
Variation (Figs. 4, 5) . The color pattern of the paratype (LSUHC 13138) generally matches that of the holotype. LSUHC 13138 is slightly darker overall and has an original tail bearing 10 indistinct, wide, dark bands countershaded posteriorly with more narrow, cream-colored bands. Slightly enlarged, dull-orange colored ventrolateral caudal scales occur at the base of each cream-colored band. The dorsal caudal scales of original tail are subimbricate, larger than the dorsal body scales, and grad laterally into larger, slightly flared scales along the side of the tail bearing elevated posterior margins. The subcaudal scales are larger than the dorsal caudals, flat, imbricate, and not plate-like. Differences in scales counts are presented in Table 6 . Distribution. Hemiphyllodactylus ywanganensis sp. nov. is known only from the type locality of 2.7 km southwest of Ywangan, Ywangan Township, Taunggyi District, Shan State, Myanmar (Fig. 1) .
Natural History. The area surrounding the collection site at the type locality is a generally flat, open and disturbed landscape with low, short, vegetated karstic ridges and small, isolated, scattered karst outcrops (Fig. 6) . The holotype was found 1 m above the ground on the trunk of a small tree and the paratype-a gravid female carrying two eggs-was found approximately 10 m away 1 m above the ground on a karst boulder. The fact that the female was gravid indicates that March falls within the reproductive season of this species. Etymology. The specific epithet, ywanganensis, is a noun in apposition in reference to the type locality being near the town of Ywangan, Shan State.
Comparisons. The molecular analyses indicate that Hemiphyllodactylus ywanganensis sp. nov. is embedded within eastern Myanmar clade and forms a monophyletic group with H. linnwayensis and H. uga sp. nov. Although not statistically significant due to small sample sizes, it is separated from H. uga sp. nov. by having 26 (n = 1) as opposed to 18-22 (n = 2) femoroprecloacal pores in males. Additional samples of each will bear out the significance or further insignificance of this difference. It does differ from H. uga sp. nov. in having, as opposed to lacking dark, paravertebral markings on the dorsum and light-colored, anteriorly projecting arms of the postsacral marking and lacking, as opposed to variably having, pairs of paravertebral light spots on trunk. From H. linnwayensis, H. ywanganensis sp. nov. it differs further in lacking distinct pairs of light-colored paravertebral spots on the dorsum and having a significantly higher mean number of chin scales (10.0 vs 5.0, p = 0.003; Table 7) . Similarly, it differs from H. tonywhitteni and H. montawaensis in having a significantly higher mean number of chin scales (10.0 vs 6.6, p = 0.04 and 10.0 vs 6.3, p = 0.03, respectively) and from H. montawaensis it differs even further in having more femoroprecloacal pores in males (26, n = 1 vs 19-21, n = 2) and a non-reticulated dorsal pattern. Hemiphyllodactylus uga sp. nov. Uga's Slender Gecko (Figs 4, 5) Hemphyllodactylus sp. nov. 8. Grismer et al. 2013 :872, Grismer et al. 2014a :67, Grismer et al. 2014b :490, Ngo et al. 2014 :541, Grismer et al. 2015 Hemiphyllodatylus cf. linnwayensis. Grismer et al. 2017b:31 Holotype. Diagnosis. Hemiphyllodactylus uga sp. nov. can be separated from all other species of Hemiphyllodactylus by possessing the unique combination of having a maximum SVL of 39.0 mm; 8-11 chin scales; enlarged postmentals; five circumnasal scales; two or three intersupranasals (=postrostrals); nine or 10 supralabials; 8-10 infralabials; 13-15 longitudinally arranged dorsal scales at midbody contained within one eye diameter and 6-8 ventral scales; varied digital formulae on hands and feet (Table 5) ; two or three subdigital lamellae on the first finger and toe; 18-22 continuous, pore-bearing, femoroprecloacal scales in males; no plate-like subcaudal scales; adult females not yellow; a dark postorbital stripe extending to base of neck variably present; variable pairs of paravertebral light spots on trunk; no dark, dorsolateral stripe; no dark paravertebral markings on trunk; dorsal body pattern usually with dark zig-zag markings; postsacral marking not bearing light-colored anteriorly projecting arms; and ceacum and gonads unpigmented. These characters are scored across all species of the eastern Myanmar clade in Tables 5 and 6 and from all other species of Hemiphyllodactylus from southern China and western Thailand (clades 3 and 4 in Grismer et al. [2017b:Table 3] ).
Description of holotype. Adult male; head triangular in dorsal profile, depressed, distinct from neck; lores and interorbital regions flat; rostrum moderate in length (NarEye/HeadL 0.33); prefrontal region weakly concave; canthus rostralis smoothly rounded, barely discernable; snout moderate, rounded in dorsal profile; eye large; ear opening elliptical, small; eye to ear distance greater than diameter of eye; rostral wider than high, bordered posteriorly by small supranasals; two intersupranasals (=postnasals); external nares bordered anteriorly by rostral, dorsally by supranasal, posteriorly by two postnasals, ventrally by first supralabial (=circumnasals); nine (R,L) rectangular supralabials tapering to below posterior margin of orbit; eight (R,L) rectangular infralabials tapering to below posterior margin of orbit; scales of rostrum, lores, top of head, and occiput small, granular, those of rostrum largest and slightly raised; dorsal superciliaries flat, mostly square, subimbricate, largest anteriorly; mental triangular, bordered laterally by first infralabials and posteriorly by two large postmentals; each postmental bordered laterally by a single enlarged, sublabial; eight chin scales; gular scales small, subimbricate, grading posteriorly into slightly larger, subimbricate, throat and even larger pectoral scales which grade into slightly larger, subimbricate ventrals.
Body somewhat elongate (Trunk/SVL 0.46), dorsoventrally compressed; ventrolateral folds absent; dorsal scales small, granular, 15 dorsal scales at midbody contained within one eye diameter; ventral scales, flat, subimbricate much larger than dorsal scales, seven ventral scales contained within one eye diameter; precloacal scales slightly larger than abdominal scales; pore-bearing precloacal scales continuous with pore-bearing femoral scales, totaling 18 femoroprecloacal pore-bearing scales; single cloacal spur on anterior margin of hemipenial swelling; forelimbs short, robust in stature, covered with flat, subimbricate scales dorsally and ventrally; palmar scales flat, subimbricate; all digits except digit I well-developed; digit I vestigial, clawless; distal subdigital lamellae of digits II-V undivided, angular and U-shaped, lamellae proximal to these transversely expanded; lamellar formula of digits II-V 3-3-3-3 (R,L); two transversely expanded lamellae on digit I; claws on digits II-V well developed, unsheathed; distal portions of digits strongly curved, terminal joint free, arising from central portion of lamellar pad; hind limbs short, more robust than forelimbs, covered with flat, juxtaposed scales dorsally and by larger, flat subimbricate scales ventrally; plantar scales low, flat, subimbricate; all digits except digit I welldeveloped; digit I vestigial, clawless; distal subdigital lamellae of digits II-V undivided, angular and U-shaped, lamellae proximal to these transversely expanded; lamellar formula of digits II-V 3-3-3-3 (R,L); two transversely expanded lamellae on digit I; claws on digits II-V well developed, unsheathed; distal portions of digits strongly curved, terminal joint free, arising from central portion of lamellar pad; dorsal caudal scales of original tail subimbricate, larger than dorsal body scales, grading laterally into larger, slightly flared scales bearing elevated posterior margins; subcaudal scales larger than dorsal caudals, flat, imbricate, not plate-like; posterior 3 mm of tail regenerated. Morphometric data are presented in Table 6 .
Coloration in life (Fig. 4) . All Hemiphyllodactylus are capable of considerable change in the intensity and boldness of their coloration and pattern. The description below is of that at the time the specimens were photographed. Ground color of top of head, body, limbs, and tail beige; top of head bearing small, diffuse, dark markings; thin, dark, preorbital stripe extends through eye to shoulder region; pairs of irregularly shaped, dark paravertebral markings on dorsum extend from nape to postsacral region; smaller, indistinct dark markings on flanks; limbs bearing irregularly shaped, dark markings; postsacral marking indistinct, not bearing anteriorly projecting arms; dark markings on dorsal surface of tail evenly spaced; gular region generally immaculate, except for darker lateral areas and faint stippling in scales; and pigmentation density increases posteriorly with the abdomen being generally gray.
Variation (Figs. 4, 5) . The color patterns of the paratypes (USNM 570732, 570735) generally match that of the holotype. USNM 570732 has a slightly bolder zig-zag dorsal pattern and a dark ventrolatral stripe on the flanks and a regenerated, nearly unicolor tail. The color pattern of USNM 570735 is more faint than that of the holoype and the dark dorsal markings both on the dorsum and the tail ae much thinner. USNM 570734 has a much darker, nearly unicolor dorsal pattern and greatly swollen endolymphatic sacs. Differences in scales counts are presented in Table 6 .
Distribution. Hemiphyllodactylus uga sp. nov. is known only from the type locality of the Pyin Oo Lwin, Kandawgyi National Gardens, Pyin Oo Lwin, Mandalay Division, Myanmar (Fig. 1) .
Natural History. Three individuals were found on the handrails of a wooden canopy walkway built within an evergreen forest of the National Garden. The walkway and forest were visited on five nights but Hemiphyllodactylus uga was found only on two of those nights.
Etymology. The specific name recognizes and honors the late U Uga. He was a conservationist and a former director of the Nature and Wildlife Conservation Division (NWCD), Myanmar Forestry Department. He encouraged Joseph B. Slowinski and George R. Zug to do an all-country herpetofaunal survey and established the administrative protocol to establish and support survey teams of NWCD wildlife rangers. These teams working independently and with CAS and USNM collaborators were the essential factor for the high productivity and success of the Myanmar Herpetological Survey (MHS).
Comparisons. The molecular analyses indicate that Hemiphyllodactylus uga sp. nov. is embedded within eastern Myanmar clade and forms a monophyletic group with H. linnwayensis and H. ywnaganensis sp. nov. See Comparisons section above for comparisons with H. ywanganensis. Hemiphyllodactlus uga sp. nov. is separated from H. montawaensis, H. tonywhitteni, and H. linnwayensis in have a higher mean number of chin scales (9.3 vs 6.3, p = 0.03; 9.3 vs 6.6, p = 0.05; 9.3 vs 5.0, p = 0.003, respectively; Table 7 ). It differs further from H. linnwayensis, H. tonywhitteni, and H. montawaensis in having a lower mean number of lamellae on the first toe (2.3 vs 4.5, p = 0.03; 2.3 vs 3.3 p = 0.002, respectively; Table 7 ). It differs even further from H. montawaensis in that adult females are not yellow and it lacks a reticulated dorsal pattern (Table 5) .. Grismer et al. (2017b) indicated that the eastern Myanmar clade of Hemiphyllodactylus represented the western terminus of a much larger monophyletic radiation of endemic montane species that extended across the mountain tops of a contiguous series of generally parallel ranges originating in southwestern China and the Thai highlands of northwestern Thailand. A similar phylogenetic pattern occurs in a lineage of Cyrtodactylus that is also endemic to the Shan Hills wherein it too is most closely related to taxa on the other side of the Thai highlands and that the chronology of this phylogeographic pattern corresponds closely to the orogeny of this region along wellestablished tectonic boundaries (Grismer et al. 2018) . As expeditions continue to push farther into these remote areas, new species of gekkonids and other groups will inevitably be discovered. Unraveling the taxonomy and biogeography of these taxa is a critical first step in conserving and protecting what is emerging to be an unprecedented degree of site-specific endemism. Such analyses should be ongoing and re-evaluated each time new species are added to the data set. 
Discussion

